Background-Despite the established efficacy of statins, many patients do not achieve recommended LDL cholesterol (LDL-C) goals. Contributing factors may be inadequate dosing, increased risk for adverse effects with high-dose monotherapy, and increased potential for intolerance and adverse effects with combinations of available agents. Methods and Results-In a double-blind study, 628 patients with baseline LDL-C 145 to 250 mg/dL and triglycerides Յ350 mg/dL were randomly assigned to receive 1 of the following for 12 weeks: ezetimibe (10 mg/d); atorvastatin (10, 20, 40, or 80 mg/d); ezetimibe (10 mg) plus atorvastatin (10, 20, 40, or 80 mg/d); or placebo. The primary efficacy end point was percentage reduction in LDL-C for pooled ezetimibe plus atorvastatin versus pooled atorvastatin treatment groups. Ezetimibe plus atorvastatin significantly improved LDL-C, HDL cholesterol (HDL-C), triglycerides, total cholesterol:HDL-C, and high-sensitivity C-reactive protein (hs-CRP) compared with atorvastatin alone (PϽ0.01).
H MG-CoA reductase inhibitors, or statins, are the most potent and frequently used drugs for treating hypercholesterolemia. Despite their established efficacy, however, the number of patients who attain and maintain LDL cholesterol (LDL-C) levels recommended by the US National Cholesterol Education Program Adult Treatment Panel III (ATP III) 1 is suboptimal, indicating a gap between lipid goals and clinical practice. 2 Statin doses often are not titrated to achieve goals. 2 In the Atorvastatin Comparative Cholesterol Efficacy and Safety Study (AC-CESS), 3 only 43% of patients with coronary heart disease (CHD) receiving the initial dose of atorvastatin and even fewer patients receiving initial doses of other statins achieved ATP II goals.
At maximum titration (up to 80 mg), 72% of patients with CHD receiving atorvastatin in ACCESS achieved the ATP II goal, 3 but atorvastatin at maximum dosage has been associated with increased incidence of elevated liver enzymes. 4 Hepatotoxicity and myalgias have also been reported with high doses of other statins. Concerns about safety may prevent physicians from titrating statin doses high enough to achieve recommended targets.
Tolerance and safety concerns may also limit the use of combination therapy. Although combining lipid-modifying agents that act through complementary pathways may provide more effective LDL-C lowering, combination therapy with available agents (bile acid sequestrants, fibric acid derivatives, statins, and nicotinic acid) may increase risk for intolerance, noncompliance, side effects, or drug interactions. 5 Ezetimibe is a novel cholesterol absorption inhibitor 6 that prevents the absorption of dietary and biliary cholesterol without affecting the absorption of triglycerides or fat-soluble vitamins. Ezetimibe inhibits cholesterol absorption in the intestine, whereas statins inhibit cholesterol production primarily in the liver. In this multicenter study, we tested the primary hypothesis that the coadministration of ezetimibe with atorvastatin would result in a significantly greater reduction in LDL-C than atorvastatin alone. Also evaluated were the change from baseline for other lipid variables and for C-reactive protein and the proportions of patients reaching ATP III LDL-C goals at final assessment.
Methods

Patients
Men and women Ն18 years of age were screened for primary hypercholesterolemia, defined as calculated LDL-C 7 of 145 to 250 mg/dL, inclusive, and triglyceride levels Յ350 mg/dL. All patients provided written informed consent.
Exclusion criteria included congestive heart failure (defined as New York Heart Association class III or IV heart failure 8 ); uncontrolled cardiac arrhythmias; myocardial infarction, coronary bypass surgery, or angioplasty within 6 months of study entry; history of unstable or severe peripheral artery disease within 3 months of study entry; unstable angina pectoris; uncontrolled or newly diagnosed (within 1 month of study entry) diabetes mellitus; unstable endocrine or metabolic diseases known to influence serum lipids and lipoproteins; known impairment of renal function; active or chronic hepatic or hepatobiliary disease; and known coagulopathy.
Design
This randomized, double-blind, placebo-controlled, balanced-parallel group trial was conducted in conformance with good clinical practices and consisted of 3 phases ( Figure 1 ). The protocol was reviewed and approved by each institution's independent ethics committee or institutional review board. The 2-to 12-week screening phase included washout of previous lipid-modifying drug therapy (12 weeks for fibrates, 1 year for probucol, and 6 weeks for statins, bile acid sequestrants, nicotinic acid, garlic, fish oil, and other lipid-altering agents) and instruction to follow a Step I 9 (or stricter) diet throughout the trial. During the 4-week, single-blind, placebo lead-in phase, blood samples were collected at weeks Ϫ4 and Ϫ2 to assess for qualifying mean calculated LDL-C, with no single value Ͻ145 mg/dL or Ͼ250 mg/dL. At week 0, qualifying patients were randomly assigned to 1 of 10 treatments: placebo, ezetimibe (10 mg), atorvastatin (10 mg), ezetimibe (10 mg) plus atorvastatin (10 mg), atorvastatin (20 mg), ezetimibe (10 mg) plus atorvastatin (20 mg), atorvastatin (40 mg), ezetimibe (10 mg) plus atorvastatin (40 mg), atorvastatin (80 mg), or ezetimibe (10 mg) plus atorvastatin (80 mg).
Blood samples were collected at baseline and weeks 2, 4, 8, and 12, and lipid measurements were performed in plasma; HDL cholesterol (HDL-C) subfractions, apolipoproteins, and lipoprotein(a) were measured at baseline and week 12. LDL-C was measured directly by ultracentrifugation (␤-quantification; direct LDL-C) and also calculated by the Friedewald equation. 7 Total cholesterol and triglyceride levels were quantified enzymatically with the Hitachi 747 analyzer (Roche Diagnostics Corporation). Total HDL-C was determined enzymatically after selective removal of LDL-C and VLDL-C by heparin and manganese chloride precipitation. The HDL 3 -C subfraction was quantified enzymatically after separation by ultracentrifugation, 10 and the HDL 2 -C subfraction was calculated by subtracting HDL 3 -C from total HDL-C. Non-HDL-C was calculated by subtracting HDL-C from total cholesterol. Apolipoprotein (apo) A-I and apo B were determined by fixed-rate nephelometry. Lipoprotein(a) was quantified by competitive enzyme-linked immunosorbent assay. Samples collected at baseline and week 12 were quantified for C-reactive protein (CRP) by means of high-sensitivity immunonephelometry 11 (hs-CRP; Dade Behring, Inc). All clinical laboratory analyses were conducted at the central laboratory (Medical Research Laboratories). All qualifying lipid determinations, as well as lipid profiles after visit 1, were blinded to the investigators and study sponsor.
Safety was evaluated through patient reports, investigator observations, laboratory tests, ECGs, physical examinations, and vital signs. Alanine transaminase (ALT) or aspartate transaminase (AST) levels Ն3ϫ the upper limit of normal (ULN) on 2 consecutive visits were considered elevated. Patients were also considered to have 2 consecutive elevations if a single elevation Ն3ϫULN occurred during the study and no follow-up measurement was made Յ2 days after discontinuation of study drug. Myopathy was defined as 
Statistical Analysis
The primary efficacy end point was the percentage reduction in direct LDL-C from baseline to final assessment (last available postbaseline direct LDL-C value for each patient) for the intent-totreat population. The primary efficacy analysis was performed with the use of a 2-way ANOVA model that extracted effects due to atorvastatin dose (0, 10, 20, 40, or 80 mg), treatment (ezetimibe 10 mg or placebo coadministration), and dose-by-treatment interaction for the percentage change in direct LDL-C from baseline to final assessment. The comparisons (pooled ezetimibe [ and treatment-by-subgroup interactions were evaluated for the primary variable in the intent-to-treat population by using ANOVA models, including factors for treatment, dose, treatment-by-dose interaction, subgroup, and treatment-by-subgroup interaction. With the planned sample size of Ϸ650 patients (65 patients per treatment group), a difference between percentage reduction of direct LDL-C of any 2 treatment groups Ն5 percentage points could be detected with 80% power and a significance level of 0.05 (2-tailed), assuming a standard deviation of 10.
Secondary efficacy end points included change from baseline to final assessment for calculated LDL-C, total cholesterol, triglyceride, HDL-C, HDL 2 -C, HDL 3 -C, non-HDL-C, lipoprotein(a), apo A-I, apo B, and total cholesterol:HDL-C and direct LDL-C:HDL-C ratios. The proportion of subjects achieving ATP III goals for direct LDL-C at final assessment was summarized. For hs-CRP, percent change from baseline to final median values was compared for the pooled and individual treatment groups by using the Wilcoxon Rank Sum procedure. All statistical analyses were conducted with the use of SAS software (version 8).
Results
Of 1703 individuals screened, 628 met the eligibility criteria and were randomly assigned. The treatment groups were well balanced regarding demographics and baseline characteristics ( Table 1) . Mean baseline direct LDL-C ranged from 175 to 184 mg/dL across treatment groups. Study treatment was discontinued early in 52 (8%) patients because of adverse events (34 patients), patient request (10 patients), noncompliance with protocol (5 patients), and loss to follow-up (3 patients). There was no trend across treatment groups in the distribution of patients who discontinued or in the reasons for discontinuation.
Coadministration of ezetimibe plus atorvastatin (pooled treatment groups) resulted in significantly greater mean reductions of direct LDL-C from baseline to final assessment (Ϫ54.5%) than either atorvastatin alone (Ϫ42.4% for pooled treatment groups; PϽ0.01 for difference between pools) or ezetimibe alone (Ϫ18.4%; PϽ0.01 for difference between pools) ( Table 2 ). Across individual treatment groups, mean changes in direct LDL-C from baseline to final assessment ranged from Ϫ50% to Ϫ60% for coadministration versus Ϫ35% to Ϫ51% for atorvastatin monotherapy (Figure 2A ). The incremental mean percentage change with coadministration was statistically significant (PϽ0.01) compared with each corresponding dose of atorvastatin monotherapy, with effects observed as early as week 2 and maintained through-out the treatment period. Subgroup analysis indicated that the incremental LDL-C reductions with coadministration (all doses) was generally consistent across all subgroups, regardless of sex, age, race, or baseline lipids.
Coadministration of ezetimibe with atorvastatin also significantly reduced the more commonly used calculated LDL-C across all atorvastatin doses (PϽ0.01; Figure 2B ). Although increased doses of atorvastatin were associated with greater reductions in total cholesterol, LDL-C, and triglycerides ( Figure 2D ), a favorable dose response was not observed for changes in HDL-C (6% increase for 10 mg, 3% increase for 80 mg; Figure 2C ), as has been observed in other studies with atorvastatin. 4, 12 Combination therapy improved the total cholesterol:HDL-C ratio at all atorvastatin doses (PϽ0.01; Figure 2E ). Coadministration of ezetimibe with the starting dose of atorvastatin (10 mg) provided similar reductions to those achieved with the maximal dose of atorvastatin (80 mg) alone for LDL-C (50% and 51%), total cholesterol:HDL-C ratio (43% and 41%), and triglycerides (both 31%) but significantly greater increase in HDL-C (9% versus 3%). Coadministration (pooled groups) also provided greater median reduction in hs-CRP than atorvastatin alone (Ϫ41% versus Ϫ31%, PϽ0.01); median reductions across combination therapy groups ranged from 25% to 62% and were generally larger than those observed with statin monotherapy (Figure 3 ).
LDL-C was above ATP III target at baseline and below target at final assessment in 85% (215/252) of patients receiving coadministration therapy compared with 73% (180/ 245) of patients receiving atorvastatin monotherapy. The difference between the 2 pooled treatment groups in the proportion of patients achieving ATP III LDL-C targets was statistically significant (PϽ0.01).
Coadministration of ezetimibe and atorvastatin was well tolerated. Treatment-related adverse events were reported for 17% (42/248) of patients receiving atorvastatin monotherapy and 23% (58/255) of patients receiving combination therapy (Table 3 ). Most (Ն90%) adverse events were mild or moderate, and 66% were considered unlikely to be related to study treatment. In general, the types of adverse events resulting in treatment discontinuation (34/628, 5% of patients) or interruption (31/628, 5% of patients) were no more common or severe in any treatment group. No patient died during the study.
All elevations in hepatic enzymes after random assignment were asymptomatic, and no cases of hepatitis, jaundice, or other clinical signs of liver dysfunction were reported. Consecutive and presumed consecutive elevations in ALT or AST level Ն3ϫULN occurred in only 5 patients and did not differ significantly between atorvastatin monotherapy (Ͻ1%) and combination therapy (2%) (see Table 3 ). Of these patients, 1 receiving atorvastatin (80 mg) monotherapy and 2 receiving ezetimibe plus atorvastatin (40 mg) were discontinued from the study; the other 2, receiving ezetimibe plus atorvastatin (10 mg) and ezetimibe plus atorvastatin (20 mg), completed the study.
One patient had CPK elevations Ն10ϫULN with associated muscle symptoms. This patient, who received ezetimibe plus atorvastatin (40 mg), reported moderate diffuse myalgias and moderate weakness, coincident with CPK of 403 U/L. Follow-up at a local laboratory indicated values as high as 5379 U/L with ongoing symptoms. After treatment was discontinued, symptoms resolved and CPK level returned to normal (96 U/L).
Other measurements of safety (other laboratory tests, vital signs, ECGs, and cardiopulmonary examinations) did not suggest any clinically meaningful differences between the safety profiles of combination therapy and atorvastatin monotherapy in the study overall or in subgroups defined by sex, age, or race. There was no evidence that ezetimibe worsened statin intolerance or statin-related toxicity.
Discussion
Coadministration of ezetimibe plus atorvastatin was significantly (PϽ0.01) more effective at reducing LDL-C concentrations than atorvastatin or ezetimibe alone for both the pooled treatment groups and each atorvastatin dose. Reductions in apo B, total cholesterol, and triglycerides, as well as increases in HDL-C, were all significantly greater with combination therapy than atorvastatin alone (PϽ0.01) or ezetimibe alone (PՅ0.05). Total cholesterol:HDL-C and LDL-C:HDL-C ratios and non-HDL-C concentration also showed significant improvement with coadministration compared with atorvastatin or ezetimibe alone (PϽ0.01). (7) Data are presented as n (% of ͓pooled͔ treatment group) except as indicated. All atorvastatinϭpool of all doses of atorvastatin; all ezetimibeϩatorvastatinϭpool of all combinations of ezetimibe and atorvastatin. *In the Adult Treatment Panel III guidelines, HDL-C Ն1.55 mmol/L is defined as a negative risk factor, decreasing the total No. of risk factors by 1.
Ezetimibe plus the starting dose of atorvastatin (10 mg) lowered direct LDL-C as effectively as the maximum dose of atorvastatin (80 mg) alone (50% and 51%, respectively), reduced median triglycerides by a similar amount (both 31%), but provided significantly greater increases in HDL-C (9% versus 3%).
The difference in incremental LDL-C reduction observed in this trial versus the 21% incremental reduction reported with the addition of ezetimibe in subjects already receiving statin therapy 13 can be attributed to how incremental change is calculated: change in LDL-C/baseline LDL-C level on no therapy versus change in LDL-C/LDL-C level on statin therapy. In the present study, the incremental LDL-C reduction achieved by coadministration of ezetimibe plus statin compared with the LDL-C level achieved by statin monotherapy was on average 22% (20%, 28%, 21%, and 17% for ezetimibe plus atorvastatin [10, 20, 40 , and 80 mg], respectively), which is the same benefit reported when ezetimibe was added to statin therapy in the other study (21%). 13 The apparent attenuation in incremental LDL-C lowering observed at the highest dose (80 mg) in the present study may be related to the method of calculation. Although high-dose statin can reduce cholesterol excretion into bile, 14 which may theoretically lessen the effect of ezetimibe, this has not been observed with simvastatin (80 mg), 15 and further reductions in LDL-C were observed with ezetimibe plus atorvastatin (80 mg) in the present study.
The combination of ezetimibe plus atorvastatin was well tolerated, with an overall safety profile similar to that of atorvastatin alone. All elevations in hepatic enzymes were asymptomatic, and no hepatitis, jaundice, or other clinical signs of liver dysfunction were reported. These findings are consistent with the asymptomatic increases in transaminases that have been observed with all lipid-lowering drugs, including bile acid-binding resins and niacin, which act by different mechanisms, 16 and may represent a pharmacodynamic effect due to cholesterol reduction or changes in hepatic metabolism. No cases of rhabdomyolysis were reported in this study, and the low occurrence of reversible increases in CPK level suggests no increased risk of myopathy with the coadministration of ezetimibe and atorvastatin compared with atorvastatin alone. Increases in CPK level have been observed with lipid-lowering therapies, particularly high doses of statins or upward dosage titration. 17 Coadministration of ezetimibe with low-dose atorvastatin was a well-tolerated option to high-dose atorvastatin monotherapy.
Study limitations include short duration (12 weeks), which precludes analysis of long-term efficacy and safety, and exclusion criteria that prevent extrapolation of the results to other populations. Because of the low incidence of transaminase elevations in all groups, the sample size was too small to examine whether ezetimibe plus low-dose atorvastatin differs from high-dose atorvastatin monotherapy in liver function test abnormalities.
Coadministration of ezetimibe with the starting dose (10 mg) of atorvastatin provided a 50% reduction in LDL-C, comparable to the 51% reduction obtained with high-dose (80 mg) atorvastatin. Because each doubling of a statin dose provides only 5% to 6% additional LDL-C reduction, 16 the need for multiple dosage adjustments may limit the routine use of optimum statin doses in clinical practice. Statin doses are often not titrated to achieve recommended LDL-C goals, 2 and at starting doses of statin therapy, most patients do not receive sufficient LDL-C reductions to reach target. In Not every patient had a postbaseline measurement for every variable; n ranged from 56 to 60 for the placebo group, 61 to 65 for the ezetimibe group, 244 to 248 for the pooled atorvastatin groups, and 249 to 253 for the pooled combination therapy groups.
*All ezetimibeϩatorvastatin (pooled) vs atorvastatin (pooled). †All ezetimibeϩatorvastatin (pooled) vs ezetimibe. ‡Median percent change.
ACCESS overall, at initial doses, LDL-C goals were met in 53% of patients receiving atorvastatin, 38% of patients receiving simvastatin, 28% of patients receiving lovastatin, and 15% of patients receiving pravastatin or fluvastatin. 3 Even fewer patients in the highest-risk category of CHD can achieve the ATP goal of LDL-C Ͻ100 mg/dL: 6% to 43% of patients with CHD in ACCESS, 3 and 1% to 32% of patients with documented atherosclerosis receiving starting doses of atorvastatin, fluvastatin, lovastatin, or simvastatin. 18 In ATP III, this highest-risk category has been expanded to include individuals with noncoronary atherosclerosis, diabetes mellitus, and multiple risk factors conferring 10-year CHD risk Ͼ20%, doubling the number of individuals with this difficultto-attain LDL-C goal. The importance of aggressive LDL-C lowering in high-risk patients has been supported by the results of the Heart Protection Study, 19 which showed that high-risk individuals with LDL-C lower than the drug initiation threshold also benefited from statin therapy, suggesting that the optimal LDL-C for high-risk patients may be below the goals recommended by the guidelines.
The significant reductions in hs-CRP observed when ezetimibe was added to atorvastatin suggest an added antiinflammatory effect of the combination, possibly resulting from the overall complex effect of ezetimibe on the lipid profile. Similar reductions in hs-CRP were observed when ezetimibe was added to a variety of statins. 13 In clinical practice, ezetimibe coadministered with a statin may enable more patients to achieve recommended target LDL-C levels by offering greater LDL-C lowering with fewer dose titrations as well as a well-tolerated alternative for patients in whom maximal dose statin monotherapy is inadequate. Ezetimibe has also been shown to be efficacious when coadministered with simvastatin. In a similarly designed study, 15 the combination of ezetimibe (10 mg/d) and simvastatin (pooled doses of 10, 20, 40, and 80 mg/d) provided significantly greater reductions in LDL-C (13.8%) and triglyceride (7.5%) and increases in HDL-C (2.4%) than simvastatin alone (PϽ0.01). Combining the different mechanisms of action of these agents (inhibition of cholesterol synthesis by the statin and inhibition of cholesterol absorption across the intestinal wall by ezetimibe) appears to provide substantial incremental reductions in LDL-C, with additional favorable changes in total cholesterol, triglycerides, apo B, and HDL-C. 
